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ABSTRACT
We describe a modeling approach to capture théclganhotion within an acous-

tic focusing microfluidic device. Our approach dunes finite element models for
the acoustic forces with analytical models for floéd motion and uses these force
fields to calculate the particle motion in a Broamidynamics simulation. We com-
pare results for the model with experimental meaments of the focusing efficiency
within a microfabricated device. The results shyped qualitative agreement over a
range of acoustic driving voltages and particlesiz
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INTRODUCTION

Acoustic focusing is an effective technique to matfate relatively large particles
(> 2um) and has been used for a variety of applicatiocisding sorting blood cells
[1], concentrating cells for optical detection [2hd measuring particle zeta poten-
tials [3]. We are currently investigating acoudticusing in microchannels for re-
moving cells, pollen, and other large contamindims human nasopharyngeal sam-
ples as a front-end preparation step before vitatification assays. By focusing
large contaminants into a single plane or nodeimvitie microchannel, we can sepa-
rate a complex input sample into waste and purifiedams and direct each to sepa-
rate outputs.

THEORY

The location and width of the focused particle baegend on the channel ge-
ometry, material properties, and acoustic trangdaperating conditions. The trans-
ducer generates pressure fields within the micnoobla(Figure 1) creating acoustic
radiation forces whose direction and magnitude deégpm the relative compressibil-
ity and density of the particle and the fluid [4Jurrently, models predicting net par-
ticle motion within acoustically driven devicesy@n simplified 1-D models for the
acoustic forces [5]. Fisher et al. used FEM sitmttes to analyze the 2-D force field
in a microfluidic device, but this analysis onlyopides qualitative information re-
garding the likely particle locations [6].

In our approach, we solve for the hydrodynamic ffaeld using analytical solu-
tions based on the geometry of the microchannelsahee for the two-dimensional
acoustic force field within the channel using a owrcial FEM code (ATILA FEA).
We incorporate the force fields into a Brownian aynics simulation based on the



Langevin equation. This simulation includes randbigplacements due to Brownian
motion and calculates spatial and temporal conagatr distributions for any spe-
cies within the device.
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Figure 1. Example of the pressurefields generated in a fluid volume (fixed rec-
tangular center) by a glass-silicon-PZT stack. (a) High pressures (red) generated at
the edges of the fluid volume as the sidewalls compress inward. (b) Low pressures
(blue) generated at fluid volume edges as the sidewalls expand outward.

EXPERIMENTAL

To validate the model we experimentally measureddégree of focusing (full
width half maximum) for microspheres with diametsarging from 1 to fum (Invi-
trogen; Carlsbad, CA). We used a microfluidic ¢tdpown in Figure 2, with chan-
nels etched into a silicon wafer and a PZT gluetthéobackside.
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Figure 2. CAD drawing of the microfluidic chip used to validate the simulation.
(a) Front view of chip showing the glass top and bifurcated separation channel
etched into the silicon base. (b) Bottom view of the chip showing the PZT.

We operated the PZT at a frg
quency of 1.46 MHz and varied the
input voltage from 0 to 9.6 V. We
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maintained the input flow rate fol _4; = S,

the particle-laden aqueous solutign \ _m e

at 10 uL/min. The 2-D force field T - il 1003
position (mm

we predicted for these conditions
(Figure 3) suggests a single node jn  Figure 3. Smulated result for the acous-
the lower center region of the chan- tic radiation force field in the microfluidic
nel. The experimental data points chip cross-section when the PZT isdriven at
were calculated by averaging over 1.46 MHz The colormap indicates the high
ten 1392 by 312 pixel CCD images (red) tolow (blue) pressurefield. Arrows
near the outlet of the microchannel,|  show the direction of the acoustic forces.




RESULTSAND DISCUSSION

The experimental and simulate L aasiomm
results for the width of the resultin “d=20um
focused particle band, shown i oy -
Figure 4, compare favorably across I+ 1
particle sizes and driving voltages £ }
when the simulated values arge 2 3
scaled by a factor of 40. This result 3 20

demonstrates our ability to qualita-
tively capture the acoustic focusin
force magnitudes and direction
versus the input flow rates and ran-
dom particle motion. Our futur
work will aim to eliminate the nee

for a scaling factor by modeling th

full 3-D force field and including d
losses due to material interfaces.

Figure 3. Comparison of experimental
and theoretical measurements. The solid
lines show the theoretical force field pre-
icted from the simulations and the symbols

indicate the experimental values.

CONCLUSIONS

Using the methodology described here, we can napiidiate over a variety of

input parameters including geometry, acoustic dgwoltage and frequency, and
particle properties to predict the spatial and terapparticle concentration distribu-
tions within a microfluidic device and achieve giimized design.
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